Ethanol concentrations in postmortem blood and vitreous humor samples collected at the Miami-Dade Medical Examiner Department over 5-6 years ago were reexamined to assess whether vitreous humor is a more reliable specimen for the analysis of ethanol in samples stored long term. The average change in 50-mL polypropylene tubes containing blood was 0.06 gm/dL (35% loss). On the other hand, vitreous humor samples collected in 10-mL gray-top Vacutainer tubes yielded an average change of 0.01 gm/dL (6.1% loss). This study demonstrates that vitreous humor may be a reliable matrix for ethanol analysis following prolonged refrigerated storage of the samples.
Introduction
Ethanol is widely abused and is one of the most commonly encountered toxic substances in forensic toxicology. One of the major concerns in performing ethanol analysis in postmortem samples is its stability; as ethanol in blood is susceptible to losses by oxidation, evaporation, and microbial mechanisms (1) . Samples are stored under refrigeration for 5--6 years at the Miami-Dade Medical Examiner's Office so that a sample may be reanalyzed to resolve an issue that may arise at a later date. When presenting findings to a court of law, the ability to produce reliable results that are consistent over longterm storage is essential in establishing the credibility of the data. It is, therefore, important that the sample yield results that are consistent and reliable over time.
Because ethanol concentrations in vitreous humor establish equilibrium with the ethanol concentration in the blood rapidly, vitreous humor can be used to provide an accurate depiction of ethanol concentration in the body. Coe and Sherman (2) used statistical data to compare postmortem vitreous humor and blood and established that vitreous humor is a reliable and complementary specimen for ethanol analysis. Vitreous humor 9 Author to whom correspondence should be addressed.
is a possible alternative to blood for ethanol analysis, especially if the sample is going to be stored for an extended period of time.
Experimental

Reagents
Methanol, ethanol, acetone, N-propanol, and isopropanol of high-purity grade were obtained from Burdick & Jackson (Muskegon, MI). The ethanol standards (0.05, 0.10, and 0.30 g/100 mL were obtained from Cerilliant (Round Rock, TX). A whole blood control was prepared in-house and stored in 2-rnL Vacutainer tubes.
Equipment
A PerkinElmer Turbomatrix auto system XL with flame-ionization detectors, Turbo Matrix 110 headspace sampler, and Turbochrom data system were used in the analysis of ethanol. A single injection of the sample was split between an ALC-1 column (10 m x 0.18-ram i.d., 1.0-pro film thickness, PerkinEImer) and an ALC-2 column (10 m x 0.18-ram i.d., 0.68-pro film thickness, PerkinElmer). The carrier gas, helium, was set at a head pressure of 19 psi. The transfer line was set at 100~ The detectors were set at 150~ The oven was set at 45~ (isothermally).
Analysis
Samples were analyzed by headspace gas chromatography (GC) using a procedure adapted from Loffe and Vittenberg (3). Initial analyses were performed in 1996 and 1997 on a Sigma 2000 GC with an HS100 headspace autosarnpler (PE). The columns used were DB-Wax and DB-1 wide bore, 30-m columns. The samples were incubated for 12 rnin at 55~ before sampling and analysis.
The samples were re-analyzed by headspace GC with flameionization detection. Each sample was incubated for 15 rnin at 60~ before sampling and analyzing. The GC was calibrated before every run, and controls were placed every 10th position to ensure that the results are consistent and reliable. Precision of the procedure, established by repeated analysis of the control (n = 20), was 0.154 mean, 0.002 standard deviation, and 1.5% CV. Eight previously unanalyzed gray-top Vacutainer tubes (10-mL capacity) of postmortem blood with corresponding 50-mL polypropylene tubes that were analyzed in 1996 and 1997 were analyzed in the present study and compared to the initial and new data of the 50-mL polypropylene tubes ( Table I ). The 10-mL gray-top Vacutainer tubes had little headspace, and the stoppers form a tighter seal as opposed to the 50-mL polypropylene tubes. The average percent change for the 10-mL gray-top Vacutainer tubes was 9% with an absolute change of 0 to 0.04 g/dL as compared to the corresponding 50-mL polypropylene tubes that had an average percent change of 48% with an absolute change of 0.01 to 0.29 g/dL. The results of postmortem blood stored in 10-mL gray-top Vacutainer tubes were consistent with the initial data analysis after 5--6 years of refrigerated storage.
Results and Discussion
Thirty
In Table II , five postmortem blood specimens stored in 10-mL glass gray-top Vacutainer tubes were reanalyzed, and the results were compared with initial data analyses conducted in 1996 and 1997. An accurate range of percent change and loss could not be calculated became too few of these types of samples were analyzed in 1996-1997. However, the results obtained from the new analysis proved to be consistent with the initial analysis. Brown and 8malldon (4) described the oxyhemogiobin-mediated oxidation of ethanol in the blood by absorption of the oxygen from the air in headspace above the stored blood specimen as a factor in ethanol loss. The authors further asserted that preserving the blood with sodium fluoride did not prevent the loss of ethanol by oxidation. Another study by Scaplehorn (5) found that ethanol loss was independent of concentration, but did depend on the volume of headspace above the sample. The stability of ethanol in the gray-top Vacutainer samples can be attributed to less headspace in the smaller volume container.
From Table I , the change in ethanol concentration in postmortem vitreous humor samples ranged from 0 to 0.04 g/dL with an average of 6.1% loss. Postmortem blood samples, on the other hand, showed a considerable change in ethanol concentration of 0.01 to 0.29 g/dL with an average loss of 35%. Postmortem vitreous humor was preserved in the same manner as the postmortem blood samples; however, it was stored in a 10-mL gray-top Vacutainer tube as opposed to a 50-mL polypropyiene tube. Although the vitreous humor samples had considerably more headspace than the gray-top blood tubes, the tubes were tightly sealed. Ethanol in vitreous humor is not subject to oxidation because vitreous humor does not contain hemoglobin.
Conclusions
Vitreous humor samples, stored in 10-mL gray-top Vacutainer tubes, for prolonged storage were more stable than postmortem blood samples stored in 50-mL polypropylene tubes. Vitreous humor is an acceptable alternative to blood when performing ethanol analysis on samples stored under refrigeration. This is extremely important if ethanol analysis needs to be repeated at a later date. If blood is to be reanalyzed after prolonged storage, a filled gray-top Vacutainer tube will give more reliable results than blood stored in a large tube with a large headspace.
